The biochemical properties of 110 strains of Bacillus larvae were determined. All strains produced lipases and proteases on the test media, but varied widely in the time of appearance of the former. Only fifty-nine percent of the strains reduced nitrate to nitrite. All strains metabolized glucose, trehalose and glycerol with production of acid, and produced hydrogen sulphide from added cysteine-HCI. All strains lacked catalase and amylase. Variations between strains in reduction of nitrate to nitrite, hydrolysis of mannitol, and production of acid from salicin, permit one to distinguish 7 biochemical types of B. larvae.
INTRODUCTION
The biochemical properties of B. larvae have been examined by other workers using a small number of strains for their investigations. The organism reduces nitrate to nitrite (B I TT IER , 1971 ), but not all strains share this property (H IT C HCOCK and W ILSON , 1973 ; G IBSON and G ORDON , 1974 ; D ROBN I KOV A, 1978) . B. larvae grows well aerobically, but lacks catalase (H AYNES , 1972 ; G IBSON and G ORDON , 1974 ; D ROBN I KOV A, 1978) . The organism produces H 2 S and ferments glucose (A ZUMA and K ITAOKA , 1965). The latter authors also showed that presence of glucose in the growth medium inhibits the normal production of proteolytic enzymes. The lipolytic activity of B. larvae is high in media with Tween 40 and Tween 60 as substrate (J ELC N SKI , K OSTECKI and SEUZEWSKA, 1976) .
Some reports on the biochemical properties of B. larvae are in disagreement with each other. Therefore, I examined the activity of 110 strains on the above substrates. I determined the time required for manifestation of the proteolytic and lipolytic activity of the strains, the reduction of nitrate to nitrite and the aerobic production of acid from glucose, trehalose, glycerol, mannitol and salicin. In addition, I examined starch hydrolysis and the production of hydrogen sulphide from cysteine-HCI. (J ELI N SKI , 1978) . After an inoculation in the center of the medium they were placed in a large Petri dish (19 cm diameter). Lugol's solution was poured on the 7 days' cultures.
MATERIALS AND METHODS
Proteolysis : as above. Observations for proteolytic activity were made on the 2nd and 3rd day. The proteinase-producing organism should be surrounded by a lighter zone usually extending several mm from a colony.
Lipolysis : as above, but the modified W.H. medium without starch was used. The plates were observed daily from the 3rd to the 7th day or longer, as required.
Catalase : a solution of 3 % hydrogen peroxide was sprinkled over the streak of growth and examined for formation of gas bubbles (J EL tNstct, 1978 ). To the above was added one of the following :
The medium was adjusted to the formation of the purple colour with the addition of a 2 % solution of KOH and autoclaved at 117 °C for 15 min. After autoclaving, the medium was added aseptically to sterile culture tubes, 15 x 100 mm, and allowed to cool and solidify on a slant. After inoculation of the surface with a streak of the culture being tested, the tubes were incubated at 35 °C and observed at 2-5 days for production of acid. (1976) . The time of appearance of the pearl-like layer varied from 3 to 10 days, with the greatest number occurring at 5 days. All strains were positive by 10 days. A plot of the cumulative numbers of positive cultures against time in days shows an almost linear increase up to 5 days with an estimated time of 4.5 days to reach 50 % of the cultures with positive reactions. The present investigations revealed that consistent features of B. larvae include : presence of proteolytic and lipolytic activity, the production of hydrogen sulphide from DL-cysteine-HCI, the lack of catalase and amylase activity, and production of acid from trehalose, glucose and glycerol. The methods described can be helpful in distinguishing among biochemical types of B. larvae and their relative occurrence in disease outbreaks. Thus the variable features described here, including mannitol hydrolysis, production of acid from salicin and nitrate reduction, can be important (Table 3) .
It is interesting that strain NRRL B-3558 produces acid from mannitol, although G ORDON , H AYNES and PANG (1973) recorded negative results for the strain. On the basis of the positive reaction, I have included it in biochemical type VII (Table 3 ). The strain NRRL B-2605 does not split mannitol, although it was recorded as positive by G ORDON , H AYNES and PANG (1973) . It may be of interest to determine the reason for these discrepancies. The biochemical type VIII (Table 3) 
